Pterins are widespread in biological systems and possess photosensitizing activities. In the present study, the photosensitization mechanism of acid form of pterin (PTA) and basic form of pterin (PTB) is investigated by means of density functional theory calculations. The reactive oxygen species-photogenerating pathways of the lowest triplet excited (T 1 ) state PTA and PTB are proposed as follows. Through direct energy transfer, both T 1 state PTA and PTB can photogenerate 
Introduction
The heterocyclic compounds pterins are widespread in biological systems and participate in a wide variety of biological functions (1) . The photosensitizing activities of pterins have attracted increasing attention in recent years. It has been proved that pterins can act as sensitizers to induce DNA damage in photochemical reactions (2) (3) (4) . Under UVA irradiation, pterins can photogenerate reactive oxygen species (ROS), such as singlet oxygen ( ) (3, (5) (6) (7) (8) .
Pterin (PT) contains a pyrazine ring and a pyrimidine ring in its structure ( Figure 1 ) and behaves as a weak acid in aqueous solution. At pH > 5 the dominant equilibrium involves the lactam group and the pK a of this equilibrium is 7.9 for PT (9) . The chemical structures of the corresponding acid form of pterin (PTA) and basic form of pterin (PTB) are shown in Figure 1 . In the present study, the photosensitization mechanisms of both PTA and PTB are investigated by means of density functional theory (DFT) calculations, which have been employed to study the ROS-photogenerating pathways of many types of photosensitizers 
Theoretical methods
First of all, geometries of PTA and PTB were fully optimized by hybrid DFT (12, 13) and B3LYP functional (14-16) with 6-31G(d,p) Gaussian basis set in aqueous solution. The solvent (water) effect was included implicitly by using the self-consistent reaction field (SCRF) method with polarizable continuum model (PCM) during the calculations (17) (18) (19) . Then, the lowest triplet excitation energy (E T1 ) of PTA and PTB was estimated by time-dependent (TD)-B3LYP/6-31G(d,p) methodology in water (20) (21) (22) , the accuracy of which in predicting the E T1 of various photosensitive compounds has been reported in the references (10, 11) . In addition, as the diffuse functions are necessary to ensure the accuracy for theoretical treatment of anion/cation radical species, the vertical electron affinity (VEA) and vertical ionization potential (VIP) of PTA and PTB in water were computed by a combined DFT method labeled as (RO)B3LYP/6-311+G(2d,2p)/B3LYP/6-31G(d,p). The combined method means that (RO)B3LYP/6-311+G(2d,2p) was employed to perform a single-point calculation on the basis of B3LYP/6-31G(d,p)-optimized structures. The Gaussian 03 program package was used to perform all of the calculation tasks (23) .
Results and Discussion
Upon irradiation, the ground state photosensitizer molecule is firstly excited to its singlet excited state, which may then reach the triplet excited state through intersystem crossing (ISC). Starting from the T 1 The feasibility of this electron transfer pathway lies on the VIP T1 of PT and electron affinity of The feasibility of reaction (3) relies on the summation of VEA T1 and VIPS0 (or VEAS0 and VIP T1 ) of PT. Judging from the theoretical electronic parameters this pathway is unfeasible for the positive value of the summation (Table 1) . For reaction (4) , as the summation of VEA T1 and VIP T1 (Table 1) has also been identified in previous study (6) , through energy and electron transfer pathways. Based on the above discussion, the theoretically postulated photosensitization mechanism of PT is schemed in Figure 2 , which helps to better understand the photosensitizing characters of pterins. 
